The aim of the present study was to estimate the annual per-patient cost of treatment with adalimumab, etanercept, infliximab, and ustekinumab by response status for new and existing patients with moderate to severe psoriasis in Greece. Methods: An economic analysis was developed from a national health care perspective to estimate the direct cost of treatment alternatives for new and existing patients within a 1-year time horizon. The model included drug acquisition and administration costs for responders and nonresponders. Real-world treatment pattern and resource use data were extracted through nationwide field research using telephone-based interviews with a representative sample of dermatologists. Unit costs were collected from official sources in the public domain.
Introduction
Psoriasis is a chronic, relapsing, immune-mediated inflammatory disorder, whose most common form, plaque psoriasis (PP), accounts for up to 85%-90% of cases, and is characterized by erythematous scaly patches. 1, 2 Psoriasis affects approximately 2%-3% of the total population on a worldwide scale. 3 Nonetheless, its prevalence varies among different populations; a number of factors have been proposed to account for this variability, including climate, genetic susceptibility, and environmental antigen exposure. 4 The latest data indicate that the prevalence of psoriasis in adults ranges from 0.91% (US) to 8.5% (Norway), while the reported incidence varies from 78.9/100,000 person-years (US) to 230/100,000 person-years (Italy). 5 The estimated prevalence of the disease in Greece is 2.0%-2.8%. [6] [7] [8] [9] The severity of PP may vary from a few small, localized patches to coverage of most of the skin and is often associated with cosmetic problems as well as a number of comorbidities, altogether impacting the health-related quality of life of sufferers. 1, 2 While submit your manuscript | www.dovepress.com
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Fragoulakis et al considered a nonlife-threatening chronic disease, psoriasis imposes a sizeable social and financial burden to patients, health care systems, and society overall. 10 Patients suffering from psoriasis frequently miss working hours and may experience diminished productivity associated with increased symptom severity or comorbidities. [11] [12] [13] For instance, in the US, Americans with psoriasis lose approximately 56 million working hours, and $2-$3 billion per annum is spent on treatment of the disease. 14 Moreover, it has been estimated that the 3-month drug cost per responder is approximately $10,000-$13,000 (cost refers to 2011 US$). 15 Hence, it makes sense to manage psoriasis not only from a humanistic but also from an economic perspective as well. To therapeutically address the significant morbidity and burden associated with psoriasis, several scientific guidelines were developed in Europe and elsewhere. [16] [17] [18] [19] [20] In accordance with the existing guidelines, systemic agents, such as the conventional therapies (cyclosporine, methotrexate, retinoids, and phototherapy) and the biologic agents, including the tumor necrosis factor (TNF) antagonists (adalimumab, etanercept, and infliximab), as well as the interleukin 12/23 antagonist ustekinumab, are recommended for the treatment of moderate to severe PP. Biologics represent established treatment options for moderate to severe psoriasis. The efficacy of these agents is well known and has been previously assessed in the relevant literature, while their use has improved the long-term management of the disease and patient outcomes. [21] [22] [23] [24] [25] [26] [27] [28] [29] [30] [31] Cost-containment measures implemented across health care systems in the European Union as part of the financial austerity have affected market access to effective therapies for pharmaceuticals in general, including therapies for PP. Greece, in particular, is going through one of the most significant economic crises in its modern history and resources are under severe scrutiny, as the country has been affected by the financial turmoil more than any other European country. 32 In this environment, it has been facing several challenges relating to the organization, financing, and delivery of health care services, with a fixed annual public pharmaceutical expenditure in the context of a memorandum signed with its international lenders. Consequently, the National Organization for Health Care Services (EOPYY-«Εθνικός Οργανισµός Παροχής Υπηρεσιών Υγείας» in Greek), the main health care payer in Greece, has to meet an inelastic and predetermined budget, imposing strict constraints. In this context, a clear picture of the financial impact regarding the reimbursed products is considered important to support relevant decision making by EOPYY. To this effect, an economic analysis of the available biologic treatments for PP in Greece was conducted. The aim of the study was to estimate the annual per-patient cost of treatment with the biologic agents adalimumab, etanercept, infliximab, and ustekinumab in the management of PP in Greece. The current manuscript presents the results of this economic analysis.
Methods
The present economic model is a cost-minimization analysis assuming similar efficacy at 1 year (ie, the time horizon of the model) for biologic treatments in scope. 22 The model attempted to estimate the direct treatment costs of patients with PP. The main items considered include drug costs and their administration.
Costs associated with monitoring were not considered. The efficacy of biologics for the 1-year perspective was considered roughly equal between treatments, as was the cost for managing adverse events, and thus was not considered in the model. 22 The time horizon was limited to 1 year for both new and existing patients, and the perspective of the analysis was that of the payer (EOPYY); other costs that quantify the indirect burden (eg, productivity loss) associated with each therapy were not taken into account in the present analysis.
A model was developed in Microsoft Excel ® where patients were classified as either responders or nonresponders depending on whether or not they achieved the minimum improvement criterion for PP, namely the Psoriasis Area and Severity Index (PASI) criterion. PASI combines the assessment of the severity of disease into a single score in the range 0 (no disease) to 72 (maximal disease). Clinical improvements are generally reported in terms of the number of people reaching a specified percentage reduction in PASI from their baseline score (for example, PASI 75 is a 75% reduction from baseline score). It is generally recognizable that an achievement of a PASI 75 indicates that severe psoriasis has responded to treatment. Time to assessment of responder status followed the guidance from the respective Summary of Product Characteristics (SPC); ie, at 16 weeks for adalimumab, 12 weeks for etanercept, 14 weeks for infliximab, and 28 weeks for ustekinumab. [33] [34] [35] [36] The model assumed that nonresponders discontinued treatment at the above time points for each respective agent, while responders retained clinical efficacy and continued treatment with the same biologic agent throughout the study time horizon.
Treatment switching was not allowed in the present model. The prices of drugs were set based on the relevant price bulletin issued by the Ministry of Health. 37 The cost of drugs was calculated, taking into account the available 
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annual biologic treatment cost for plaque psoriasis in greece pack size of the agents under study, the unit cost per pack, and the required dose per SPC. In the case of ustekinumab, for those patients weighing more than 100 kg the base-case scenario assumed that a double dose was used (90 mg) as described in the respective SPC. [33] [34] [35] [36] As etanercept is licensed for intermittent as well as continuous treatment, the model incorporated the percentage of patients receiving either of those, as well as the time for which responders remained off treatment (treatment holiday), where applicable. Estimates of the time period for which the responders remain on treatment and the dosage schedule for etanercept were collected through a field based survey presented in the Supplementary materials (Table S1 ). The dosage scheme for the rest of the comparators is presented in Tables S2-S4. The unit costs of parameters used in the model are presented in Table 1 . The total therapy cost was based on a per-vial analysis, assuming that there is drug wastage. Considering the annual time horizon of the model, no discount rate was applied. Cost calculations are presented in the appendix.
Due to the lack of detailed data from local registries, the model inputs were based on a nationwide survey of physicians. In particular, field work was performed by a specialized independent agency from June to September 2013 with dermatologists treating patients with PP; the authors had no involvement in the process of data collection. Data were collected by 10-minute telephone interviews conducted by trained interviewers using a structured questionnaire comprised of questions designed to collect information regarding patient demographics and physician treatment patterns. Participants had no prior knowledge of the actual content of the questionnaire, and researchers did neither interfere nor guide the answers throughout the process. The sampling methodology followed was simple random sampling with screener. A screening question was used to screen physicians who prescribe biologic agents for the treatment of PP. Only physicians prescribing biologics for psoriasis were included in the sample. In accordance with the inclusion criteria, the sample examined in this study comprised only patients with moderate to severe psoriasis. Hence, patients who were diagnosed with other diseases (ulcerative colitis, rheumatoid diseases, etc) were not taken into account. Data analysis was performed independently by the authors using the Excel 2007 software.
It is generally known that economic data are truncated at zero and do not follow normal distributions, and consequently hypothesis testing would be invalid if conducted with conventional approaches (ie, 95% confidence intervals). As such, in the present model, bias-corrected uncertainty intervals were calculated using the percentile method of nonparametric simulation. 38 Probability distributions were therefore specified around the main model parameters. In particular, all cost components were associated with a gamma distribution and a 10% of coefficient of variation (the ratio of mean/ standard deviation) around the mean was used for probabilistic sensitivity analysis (1000 bootstrap replications). Since the variance-covariance matrix was unknown, there was not any correlation pattern among variables in each bootstrap experiment. Of course, due to the probabilistic nature of all parameters, the cost of comparators can be slightly different in each experiment, and the mean of the 1,000 estimates is expected to be a good approximation of the true population mean cost per arm based on the cost assumptions.
In addition, in accordance with the recommended guidelines, 39 several one-way sensitivity, and different scenario analyses were undertaken. In particular, the model parameters which varied were the mean weight of patients (±10%, mean 80.7 kg, maximum 89.0 kg, minimum 73.0kg), the dosage schedule for ustekinumab (45 mg for all patients), the holiday period for the intermittent use of etanercept (10 months on treatment/2 months off treatment cycles), and the percentage of etanercept patients starting at 2×50 mg weekly (50%, 75%) for the first 3 months of therapy.
Sensitivity analysis concerning the weight of patients was based on a reasonable assumption of ±10%, while the rest of sensitivity analyses were based on expert opinions. Furthermore, as per the relevant Summary of Product characteristics, dosage schedules for infliximab and adalimumab are "fixed"; ie, no variations are allowed. Hence, as this analysis is based on an as per SPC use, no variations in dosage schedules for these two agents were taken into account. On the other hand, for ustekinumab (weight-based dosing) and etanercept ( different starting regimens, continuous or 
Results
The sample of physicians included in the study consisted of 29 dermatologists. 62.1% of participants originated from Athens, 17.2% from Salonika, and the remaining 20.7% from urban areas, Patras, Larisa, and Crete island. Approximately half of the participants (51.7%) were female; 48.3% were male. The majority of participants were employed in the private sector (55.2%), followed by the doctors who work in public hospitals (31.0%). It should be mentioned that due to a recent reform concerning the primary and secondary healthcare system in Greece, a unified health insurance Fund (ie, EOPYY), operating also as a provider of healthcare services was established. Hence, the remaining 14.8% of participants represent contracted EOPYY doctors across the country. In accordance with the survey results, these 29 participants saw 745 patients per month in total during the past 12 months. Every participant saw 26 patients per month on average, while only 10.3% of them examined more than 80 patients per month on biologic treatment in the last year. There was a relatively high concentration of the sample in a limited number of doctors, as 56% of patients in the sample were treated by 20% of physicians. Regarding patients, 78.6% were from Athens, 16.6% were from Salonika, and the remaining 4.7% were from urban areas.
Given that the disease prevalence is about 2.0% and assuming that patients requiring systemic therapy account for approximately 20%-30% of the total moderate to severe disease cases, 40, 41 with a satisfactory long-term response/ tolerability to traditional systemic therapies achieved in 40% of patients with moderate to severe psoriasis, 42 it was estimated that the sample used was representative of the entire psoriasis population on biologics. The mean weight of patients was reported at 80.7 kg on average for the entire sample; 89.1 kg for males (standard deviation 10.8 kg, range 75-125 kg) and 72.3 kg for females (standard deviation 9.7 kg, range 60-110 kg). This is in agreement with data from the literature showing that psoriasis patients are more likely to be overweight compared to the general population. 43 The distribution of weight across all patients groups was positively skewed for both sexes (skewness: 1.46/1.94).
Regarding treatment regimens, the induction schedules were taken into consideration for new patients, as per respective SPC. Existing patients were considered those who were on treatment for 1 year when entering in the model, and the analysis for them reflects the second year on treatment with a yearly time horizon. The dose of adalimumab was an initial dose of 80 mg, followed by 40 mg given every other week starting 1 week after the initial dose. For etanercept, it was reported that 36.9% of patients started with 50 mg/twice weekly for the first 12 weeks, while the remaining 63.1% started with 50 mg/week. After the first 12 weeks, all etanercept patients were treated with 50 mg/week. In addition, etanercept was given intermittently in 11.2% of patients; the base-case scenario considered that new patients remained on continuous treatment for the first 24 weeks before going on treatment holiday, thus allowing etanercept to approach its maximum efficacy potential. 2, [44] [45] [46] Of the intermittent etanercept patients, 88.5% remained on treatment holiday for 12 weeks, while the remaining 11.5% remained off the drug for 8 weeks before reinitiating etanercept at 50 mg/week. For patients on infliximab, the dosing schedule was intravenous infusion of 5 mg/kg on weeks 0, 2, 6, and every 8 weeks thereafter; the total dose was calculated for the mean weight of patients. Treatment with ustekinumab started with dosing on weeks 0, 4 and every 12 weeks thereafter. It was estimated from the field research that 25% of patients undergoing ustekinumab therapy received the dosage of 90 mg every 12 weeks, while the remaining 75% received 45 mg every 12 weeks.
The results of the economic analysis for new and existing patients for the base-case scenario are presented in Table 2 . According to these, the annual per-patient cost for new and existing patients is lower with etanercept than with the other agents in the comparison for both responders and nonresponders. For existing patients (ie, patients continuing treatment after the first year) the cost of treatment with etanercept becomes even lower (€9,462) compared to that of new patients (€10,415), as the biweekly regimen is not applicable after the first 12 weeks of treatment and after the 
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annual biologic treatment cost for plaque psoriasis in greece first year a number of patients may go on treatment holiday twice per year (assuming, as per results above, that these patients remain off treatment for 2 or 3 consecutive months and receive treatment for 6 months consecutively). Results did not change significantly under several one-way sensitivity and scenario analyses undertaken, presented in Table 3 .
Discussion
Understanding the relative benefits and costs of available treatments for people with moderate to severe PP is important in order to ensure that patients receive an acceptable level of care within the framework of constrained resources. Since the benefit of adalimumab, etanercept, infliximab, and ustekinumab has been acknowledged by authorities, physicians, medical societies, and payers, their use has become a part of standard medical practice. 44, 45 This economic analysis was undertaken to compare the mean annual cost of treatment of biologic agents approved for the treatment of PP (namely adalimumab, etanercept, infliximab, and ustekinumab) in the Greek setting. The analysis indicated that etanercept was associated with lower annual cost per patient compared to other agents. Cost minimization analysis is used to compare 
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Fragoulakis et al two health technologies that have proven to be equivalent in terms of survival and overall therapeutic effect. In such cases, the focus of the analysis shifts to their treatment cost to choose the least costly as the preferable therapeutic option. It must be noted, that in the context discussed here, the equivalence in the efficacy of the treatment regimens considered is not yet fully established by head-to-head trials. Hence, the economic conclusions drawn from the present analysis are based on the premise of comparable efficacy, which is a prerequisite. The determination of cost was affected mainly by the drug prices and the dosage schedules. In this context, the present analysis focused only οn economic implications, without taking into account any off-label dose escalation or differences in efficacy. Thus, our conclusions are driven mainly by differences in the cost and doses of the agents under evaluation. In economic studies such as the present, the choice of time horizon depends on the research question and can range from a few weeks to several years (eg, remaining life expectancy). The time horizon chosen should be long enough to reflect all outcomes of interest associated with the alternative therapies. In the present analysis, as the effectiveness of comparators has been considered equivalent, the focus shifted only in their financial impact in the health care setting for payers; hence, 1 year was considered a reasonable period to study the comparators.
According to the base-case analysis, biologic treatments were prescribed as per label and, in the case of etanercept (the only biologic approved for the treatment of PP with the option for intermittent or continuous use) real-world treatment pattern data were collected by means of a nationwide field research with dermatologists. The cost of these agents for existing patients was lower compared to new patients as the induction schedule was not applicable for the former.
Based on the findings from a recent systematic literature review, dose escalation with the aforementioned comparators may lead to greater efficacy in some cases, while dose reduction may result in reduced efficacy. 47 We chose to base our analysis on the dosing schedules adopted in Greece based on the approved label for each biologic and on data from a local survey of clinical practice.
In the international literature, many different economic studies or reviews have examined the aforementioned comparators in terms of cost-effectiveness, and such comparisons are becoming increasingly relevant; however, the results remain inconclusive due to several factors, such as the different management of patients across countries, differences in dosage schedule, relative prices, time horizon of models, perspective of analysis, assumptions concerning the education of patients, sequences of biologic treatment, and conflicts due to funding of research. 15, [48] [49] [50] [51] [52] This fact imposes the need to interpret the results of these comparisons with caution. Also, methodological issues set aside, the cost-effectiveness of health technologies might vary from country to country simply due to differences in clinical practice patterns and/or relative prices; hence, extrapolations are not recommended. 53 Moreover, long-term data from appropriately designed studies on the comparative efficacy and safety of such treatments are lacking; for a disease requiring life-long treatment, such as psoriasis, the use of short-term data may be misleading. For the above reasons, a straightforward approach is to compare only the treatment cost of the agents under consideration and to declare the least expensive one. This type of analysis, as the one we conducted here, has already been proposed by several national agencies to compare this specific group of agents. 54 This is the second study conducted in Greece for patients with moderate to severe PP, and its results are somewhat inconsistent with those of the previous one. 55 The differences in the results can be interpreted on the basis of the different assumptions used for the two models. For example, the previous analysis did not include the additional drug cost for patients receiving 90 mg of ustekinumab (ie, those weighing over 100 kg); furthermore, it assumed that all patients starting on etanercept receive the 50 mg biweekly dose and that all etanercept patients receive continuous treatment (ie, no intermittent dosing schedule). Importantly, the previous model also implemented a hypothetical projection regarding the use of ustekinumab, as this biologic was just becoming available in the Greek market and data on its realworld use were not available for Greece. On the other hand, in our analysis all these parameters were derived from the survey of dermatologists, capturing actual clinical practice, with ustekinumab having been available in the Greek market for over 3 years. This approach may not be as robust as, for instance, a real-world patient registry, but is quite sufficient in giving reasonable indications as the sample of physicians and patients was representative.
To test the robustness of our results, several one-way sensitivity and different scenario analyses were undertaken to show how different treatment approaches may influence the annual treatment cost. These analyses aimed at including the most plausible scenarios applied in daily practice for these biologics when prescribed as per the approved label. In this context, the results presented here may be of value for both decision-makers and Social Funds, as well as physicians 
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annual biologic treatment cost for plaque psoriasis in greece faced with prescribing-related cost-containment measures. Furthermore, results are presented in a format that may allow for the direct calculation of costs upon changes in the prices of the concerned biologics (Table S5) .
Regarding the limitations of the present study, it must be noted that modeling-based analyses, such as the one employed here, involve by definition a simplification of the process they try to emulate, and the present one is no exception. Much of the data entered in the model resulted from a nationwide survey that was based on questionnairedriven interviews conducted with dermatologists across the country. Even though the sample size of dermatologists appears relatively small, it may be considered a representative one as it includes input from both public hospital and EOPYY physicians across Greece managing a satisfactory sample of patients with moderate to severe psoriasis. This approach has known limitations, such as participant recall bias and misunderstanding of questions. Nonetheless, it must be noted that this type of data collection represents a reasonable, second-best approach in the absence of local real-world data, such as those derived by registries, and was conducted by an independent company specializing in this type of research. Moreover, our model did not include the cost related to treatment failure (eg, increased hospital visits, reduced productivity), as this was considered out of scope for the purpose of the study. In terms of the safety profile of the biologics considered, even though available data may favor etanercept over the other anti-TNFs regarding certain adverse events such as tuberculosis, nontuberculosis opportunistic infections, and lymphoma 56-60 which, although rare, may be associated with increased management costs, our analysis assumed a comparable safety profile and thus did not include adverse event-related costs; this approach is consistent with previous economic analyses conducted. 51, [61] [62] [63] Another limitation of the study is that treatment switching between biologic agents is not considered in the present model. Nonetheless, it must be noted that in clinical practice both agents may be used in a sequence, an approach which has not been evaluated in the Greek model due to limitations concerning the data availability. This is a common issue in small countries like Greece, since there is no available registry/ database which could be used for analytical purposes. In addition, in the present analysis the cost of nonresponders has been estimated until treatment discontinuation; thus, no further costs have been incorporated in the model for this type of patient.
Despite the above limitations, the model used incorporates real-life data and, under its specific scope, presents useful results of practical value for both the payer and the prescriber on the cost of treatment of PP with biologics in Greece.
Conclusion
The cost of treatment with etanercept may be lower than that with other biologic agents licensed for the treatment of moderate to severe PP in Greece. Further analysis with real-world data on effectiveness, safety, and utility is needed to confirm the accuracy, completeness, and appropriateness of the results in the local setting. Results presented must be viewed strictly in the light of the setting and time undertaken, the data, and the assumptions utilized and may change if some of these also change over time.
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